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Objective: May-Thurner syndrome is a well-recognized anatomic variant that is associated with the development of
symptomatic acute venous thrombosis of the left iliac vein. However, the natural frequency of compression of the left iliac
vein and its clinical significance in asymptomatic disease has not been established. Therefore the purpose of this
descriptive anatomic study was to determine the incidence of left common iliac vein compression in an asymptomatic
population.
Methods: A retrospective analysis of medical records and helical abdominal computed tomography scans was conducted in
50 consecutive patients evaluated in the emergency department because of abdominal pain. Medical records were reviewed
for symptoms and risk factors for deep venous thrombosis, and data were collected and reported according to the Joint
Society Reporting Standards for acute lower extremity venous thrombosis. All computed tomography was performed
with intravenous contrast medium, and 2-mm to 5-mm axial images were obtained. The minor diameter of the common
iliac arteries and veins was measured. The technique of transverse image measurement was validated with multiplanar
reconstructions and orthogonal diameter measurements in a subset of subjects. Statistical analysis was performed with the
Student t test or Spearman rank correlation.
Results: Mean age of subjects without symptoms was 40 years (range, 19-85 years), and 60% (n  30) were female
patients. The mean acute lower extremity venous thrombosis risk factor score was 1.16  0.23 (range, 0-6; maximum
possible score, 28). It was surprising that 24% (n  12) of patients had greater than 50% compression and 66% (n  33)
had greater than 25% compression. Mean compression of the left common iliac vein was 35.5% (range, 5.6%-74.8%).
The structure most often compressing the left common iliac vein against the vertebral body was the right common iliac
artery (84%). There was no strong correlation between patient age or common iliac artery size and compression of the left
common iliac vein. However, women had greater mean compression of the left common iliac vein (women, 41.2% 3.1%;
men, 27.0%  3.0%; P  .003).
Conclusion: Hemodynamically significant left common iliac vein compression is a frequent anatomic variant in asymp-
tomatic individuals. Therefore compression of the left iliac vein may represent a normal anatomic pattern that has thus far
been thought of as a pathologic condition. (J Vasc Surg 2004;39:937-43.)Compression of the left iliac vein against the fifth
lumbar vertebra by the right iliac artery is a well-known
anatomic variant. Virchow first suggested it in 1851 when
he observed that iliofemoral vein thrombosis was five times
more likely to occur in the left leg than in the right leg.1
More than a century later, in 1957, May and Thurner2
brought much attention to the anatomic variant thought
responsible for this difference. They found that the right
iliac artery compressed the left iliac vein against the fifth
lumbar vertebra in 22% of 430 cadavers. They postulated
that the chronic pulsations of the overlying right iliac artery
led to development of a “spur” in the vein wall and that this
spur would result in partial venous obstruction. Subsequent
to this publication, this anatomic variant became widely
recognized in the United States as May-Thurner syndrome.
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doi:10.1016/j.jvs.2003.12.032Currently May-Thurner syndrome is thought to occur
predominately in patients with left iliofemoral deep venous
thrombosis or in patients with signs or symptoms of left
lower extremity venous hypertension. The true incidence of
this anatomic finding in an asymptomatic patient popula-
tion is unknown. Autopsy studies in the early twentieth
century reported “obstructing” lesions in 22% to 32% of
specimens.2-4 However, no study has examined the inci-
dence of this anatomic variant with current imaging meth-
ods in patients without symptoms. Therefore the purpose
of this descriptive anatomic study was to determine the
incidence of left common iliac vein compression in an
asymptomatic population by means of computed tomogra-
phy (CT).
METHODS
A retrospective analysis of medical records and helical
abdominal CT scans was conducted in 50 consecutive
patients with abdominal pain evaluated in the emergency
department, according to guidelines mandated by the in-
stitutional review board of Northwestern University Fein-
berg School of Medicine. Medical records were reviewed
for symptoms and risk factors for deep venous thrombosis,
to adequately assess the asymptomatic nature of this patient937
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bosis, immobilization, postoperative state, age, malig-
nancy, type of malignancy, New York Heart Association
classification of cardiac disease, limb trauma, hypercoagu-
able disorder, hormone therapy, pregnancy, postpartum
state, and obesity. The data were collected and reported
according to the Joint Society Reporting Standards for
acute lower extremity venous thrombosis.5 A mean acute
lower extremity venous thrombosis risk factor score was
calculated, with a maximum possible score of 28.
A Lightspeed QXI CT scanner (GE, Milwaukee, Wis)
was used in all cases. The spatial resolution of this CT
scanner is 0.584 mm. Scanning parameters included 2-mm
to 5-mm axial images, with an interval of 1 to 5 mm,
obtained with a rotation speed of 0.8 sec and table speed of
7.5 to 15 mm/s. Patients were positioned supine, and
images were acquired during maximum inspiration. A sin-
gle 125-mL to 150 mL bolus of nonionic contrast material
was injected with a power injector through an arm vein at 2
to 4 mL/s. CT scan measurements were made with GE
PACS Centricity Workstations, with digitally enlarged im-
ages and digitally calibrated measurement tools. Measure-
ments of the minor diameter of the common iliac arteries
and veins were obtained for the segment of vessel that was
most in the plane of the image. Measurements were re-
corded proximal and distal to the site of crossing of the
right iliac artery over the left iliac vein, and at the site of
crossing. The degree of venous compression was calculated
as the diameter of the common iliac vein at the site of
maximal compression divided by the diameter of the un-
compressed caudal common iliac vein. As an alternative
measurement of degree of venous compression we also
calculated the diameter of the common iliac vein at the site
of maximal compression divided by the diameter of the
contralateral right iliac vein.
Fig 1. Individual results of percent compression of the
linear measurements.The caudal iliac vein was used as the denominator, for
several reasons. First, the area of the iliac vein immediately
caudal to the site of compression is typically free from
compression by surrounding structures, and is maintained
in a nearly circular shape. It is also not subject to arterial
pulsations, as the venous bifurcation is. In theory, this
should result in more reliable and reproducible data. Sec-
ond, occasionally the site of maximal compression is near
the bifurcation, leaving little or no space in which to obtain
a measurement of the diameter of the cranial iliac vein.
Third, the cranial iliac vein segment near the bifurcation is
often larger than the site distal to the compression. This
would result in overestimation of the true degree of iliac
vein compression.
The technique of transverse image measurement was
validated by generating multiplanar line-of-flow recon-
structions of the CT scan images, with Vitrea II software
(Vital Images, Plymouth, Minn), and performing orthog-
onal diameter measurements in a subset of subjects. Statis-
tical analysis was performed with the Student t test or
Spearman rank correlation.
RESULTS
Mean age of the asymptomatic subjects was 40 years
(range, 19-85 years). Sixty-percent (n  30) of patients
were women, and 40% (n  20) were men. No patient in
the study had unilateral lower extremity edema. Only one
patient had a history of venous thrombosis; however, this
was portal vein thrombosis, not lower extremity venous
thrombosis. The mean acute lower extremity venous
thrombosis risk factor score was very low (1.16  0.23;
range, 0-6; maximum possible score, 28; Table I). There
was no correlation between mean acute lower extremity
venous thrombosis risk factor score and degree of venous
compression.
iac vein as measured on axial CT images with transverseleft il
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patients had greater than 50% compression of the left iliac
vein, and 66% (n  33) had greater than 25% compression
of the left iliac vein (Fig 1). Mean compression of the left
common iliac vein in the entire population was 35.5% 
2.4% (range, 5.6%-74.8%). The structure most often com-
pressing the left common iliac vein against the vertebral
Table I. Acute lower extremity venous thrombosis risk
factor score
Risk factor Mean score
History of deep venous thrombosis 0.05
0  None
1  Suspected
2  Proved
3  Multiple
Immobilization 0
0  None
1  1-3 days
2  3 days
3  Paraplegia
Postoperative state 0
0  Local anesthesia
1  45 min
2  45 min
3  3 hr or pelvic operation
Age (y) 0.46
0  40
1  40-70
2  70
Malignancy 0.18
0  None
1  No recurrence, or local recurrence only
2  Extensive regional tumor
3  Metastatic
Type of malignancy 0.05
0  Other than adenocarcinoma
1  Adenocarcinoma
Cardiac disease 0.09
0  NYHA class I
1  NYHA class II
2  NYHA class III
3  NYHA class IV
Limb trauma 0
0  None
1  Soft tissue injury
2  Fracture of tibia or fibula
3  Fracture of femur
4  Fracture of hip or pelvis
Hypercoaguable disorders 0
0  None
1  Suspected
2  Proved, treated
3  Proved, untreated
Hormone therapy .25
0  No
1  Yes
Pregnancy and postpartum state 0
0  Absent
1  Present
Obesity 0.15
0  175% IBW
1  175% IBW
Total 1.16  0.23
NYHA, New York Heart Association; IBW, ideal body weight.body was the right common iliac artery (84%, n  42; Figs
2 to 4). There was no difference in size between the right
and left common iliac arteries (right, 9.56 0.26 vs left, 9.65
 0.25; PNS). There was no difference in size between the
right and left common iliac veins (right, 12.85 0.36 versus
left, 12.09  0.34; P  NS). No strong correlation existed
between patient age and compression of the left common iliac
vein (r  0.360) or between the common iliac artery size
and compression of the left common iliac vein (r  0.365).
There was a statistically significant difference with respect to
gender and mean compression of the left iliac vein. Mean
compression in women was 41.23.1%, compared with 27.0
 3.0% in men (P .003).
Given that there was no statistically significant differ-
ence between the right and left iliac vein diameters, the
degree of venous compression was calculated in an alterna-
tive manner as another means to validate the data. Mean
venous compression with the contralateral right iliac vein
diameter as the denominator was similar to the left iliac vein
measurements (38.9% vs 35.5%; P  NS).
To validate the technique of axial image measurements,
multiplanar line-of-flow reconstructions of the CT scan
images were performed for five patients with varying de-
grees of left iliac vein compression. Measurements of the
orthogonal diameter of the left iliac vein compared favor-
ably with the degree of compression determined with trans-
verse image measurements in this subset of patients (Table
II; Fig 5).
DISCUSSION
Iliocaval compression, May-Thurner syndrome, or
Cockett syndrome is an anatomic variant that is well-
recognized. In 1851 Virchow noted that the incidence of
left-sided deep venous thrombosis was five times more
common than right-sided deep venous thrombosis.1 How-
ever, the anatomic variant responsible for this finding was
not described until 1908, by McMurrich,3 who believed it
was the result of “congenital adhesions” in the common
iliac veins. May and Thurner,2 in 1957, brought much
attention to this anatomic finding. They described the
development of “spurs” in the left iliac vein as a conse-
quence of compression of the left iliac vein by the right iliac
artery against the lumbar vertebra. They theorized that it
was a combination of both mechanical compression and
arterial pulsations by the right iliac artery that led to devel-
Table II. Comparision of measurement techniques
% Compression
measured with
axial CT
images
% Compression
measured with
line-of-flow
reconstruction
CT images
Patient 1 23.9 32.5
Patient 2 30.5 25.8
Patient 3 31.3 28.6
Patient 4 32.7 22.5
Patient 5 56.2 52.5
, left
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authors postulated that these alterations, with changes in
elastin and collagen content, led to development of three
types of spurs, that is, either lateral, medial, or diaphrag-
Fig 2. Axial CT scans of compression of the left iliac vei
vena cava; white arrowhead, right iliac artery; black arrow
Fig 3. Axial CT scans of compression of the left iliac vei
vena cava; white arrowhead, right iliac artery; black arrowmatic, with the propensity to cause partial venous obstruc-
tion. They associated the development of spurs within the
vein wall with an increased risk for thrombosis of the
iliofemoral veins. Whereas May and Thurner brought atten-
he right iliac artery in one patient. White arrow, Inferior
iliac vein.
he right iliac artery in one patient. White arrow, Inferior
iliac vein.n by tn by t
, left
, left
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publication, Cockett, a British vascular surgeon, and Thomas
published their findings in 1965.6 After their publication
iliocaval compression became known as Cockett syndrome in
Europe, but May-Thurner syndrome in the United States.
Patients with symptoms of left iliofemoral deep venous
thrombosis due to iliac vein compression tend to be young
women, in the second to fourth decade of life, after periods
of prolonged immobilization or pregnancy. Symptoms typ-
ically include persistent left leg edema, with or without
other stigmata consistent with venous hypertension. In
1992 Kim et al7 described three clinical stages of the disease
associated with iliac vein compression: stage I, asymptom-
atic iliac vein compression; stage II, development of a
Fig 4. Axial CT scans of compression of the left iliac vei
vena cava; white arrowhead, right iliac artery; black arrow
Fig 5. Multiplanar line-of-flow CT scan reconstructio
compression of the left iliac vein by the right iliac arter
arrowhead,  left iliac vein.venous “spur”; and stage III, development of left iliac vein
deep venous thrombosis.
Although there have been no reports of the incidence
of left iliac vein compression diagnosed with venography in
an asymptomatic patient population, studies have reported
the presence of left iliac vein compression at venograpy in
patients with isolated left leg venous symptoms. More
recently Wolpert et al8 reported that 37% of 24 patients
with isolated left lower extremity edema had left iliac vein
compression at magnetic resonance venography.
To our knowledge, ours is the first study to examine the
incidence of this anatomic variation in asymptomatic pa-
tients with CT. While our study included only 50 patients,
our results correlate well with earlier autopsy studies published
he right iliac artery in one patient. White arrow, Inferior
iliac vein.
the inferior vena cava and left iliac vein demonstrate
nst the fifth lumbar vertabra. Arrow, Right iliac artery;n by tns of
y agai
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variant in 22% to 32% of cadavers. We were surprised that
nearly a fourth of our patients had greater than 50% compres-
sion. Moreover, two thirds of all patients had at least 25%
compression of the left iliac vein. This correlates with nearly a
50% reduction in the total cross-sectional area of the vein. It
has been suggested in the past that this anatomic variant may
predispose to formation of deep venous thrombosis; however,
the significance of this anatomic finding has been the topic of
debate for some time. Recent reports have estimated that the
incidence of lower extremity deep venous thrombosis in the
United States is approximately 100 per 100,000 population
per year.9 Given the relatively high incidence of this anatomic
finding in the general population, yet the relatively low inci-
dence of deep venous thrombosis in the general population,
the presence of this anatomic finding alone may not represent
an increased risk for deep venous thrombosis. It may be that
only in situations consistent with Virchow’s triad of hyperco-
aguability, endothelial injury, and stasis that the presence of
this anatomic variant, in conjunction with altered coagulation
potential, may predispose to the formation of thrombus.
Some authors have advocated endovascular intervention with
angioplasty and stent placement when the diagnosis of com-
pression is made.10,11 We propose that some degree of com-
pression of the left iliac vein may be a normal anatomic finding
that by itself does not place the patient at increased risk for
development of deep venous thrombosis.
Many structures have been noted to compress the left iliac
vein. We found that in 84% of cases the structure compressing
the left iliac vein was the right iliac artery, and occasionally a
tortuous left common iliac artery compressed the left iliac
vein. Others have reported compression of the left iliac vein by
a distended bladder,12-14 endometriosis,15 a penile prosthesis
reservoir,16 common iliac artery aneurysm,17 and an internal
iliac artery aneurysm.18 Compression of the right iliac vein by
the right iliac artery has also been described.19
There are several limitations of this retrospective study.
First, the CT scans were obtained during the arterial phase
of the intravenous bolus. This limited the type of vessel
reconstruction and analysis that could be performed. Ide-
ally, three-dimensional imaging with vessel reconstruction
would enable volume measurements of the iliac vein. This
would provide more accurate information with respect to
the degree of compression, compared with two-dimen-
sional transaxial or orthogonal diameter measurements,
because it would take into account the often nonconcentric
nature of the common iliac vein. Second, we were not able
to control for the volume status of the patient at the time of
image acquisition. This could lead to overemphasis of the
degree of compression of the left iliac vein in a dehydrated
patient. A prospective study would be required to ensure
standardization. Third, the sample size was small. With a
larger sample size the gender difference may not be so appar-
ent. However, even with only 50 patients our data are consis-
tent with autopsy reports from the early twentieth century.
Overall, it was the goal of this study to determine the
incidence of left iliac vein compression in an asymptomaticpatient population. We were surprised that nearly a fourth
of patients had greater than 50% compression and two
thirds of patients had greater than 25% compression.
Therefore compression of the left iliac vein may be a normal
anatomic pattern that has thus far been thought of as a
pathologic condition.
We thank Sara Minton for assistance in preparing the
manuscript.
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Volume 39, Number 5 Kibbe et al 943DISCUSSIONDr Peter Gloviczki (Rochester, Minn). Do you see collater-
als, or maybe in some of the patients who had high obstruction you
did some functional studies?
My second question is, when Cockett described this syndrome
about 10 years after May and Turner he also described a group of
patients with right iliac vein compression, and I am wondering if
you have observed right-sided compression.
Dr Melina R Kibbe. To address the latter question, yes, we
did find that a few patients had compression of the right iliac vein
by the right iliac artery. The degree of compression in this group
was not as pronounced.
As to your first question, I must point out that this study is a
retrospective review of asymptomatic patients presenting to the
emergency room with complaints of abdominal pain. We were not
able to perform functional studies or obtain venograms.
Dr Gloviczki. I think I would look into the group of patients
who present with DVT and see what the incidence is of this.
Dr Kibbe. Those studies have been conducted in the past.
Patients presenting with left leg symptoms underwent venography
to determine the true incidence of iliac vein compression. Those
studies reported anatomic compression ranging from 10% to 30%.
Dr Hisham Bassiouny (Chicago, Ill). How did you control
for contrast mixing in the venous system, because that seems to bea problem with CT scans, as far as determining whether sometimes
there is even thrombus in the cava or not? You don’t get uniform
mixing. It depends on the timing of the bolus. How do you control
for that?
Dr Kibbe. This population had very few risk factors for deep
venous thrombosis. These were asymptomatic patients. Therefore
we were not looking for thrombus. We were performing anatomic
measurements on the CT scans.
Dr Bassiouny. If you are looking for thrombus, then some-
times it is difficult, because the cava doesn’t fill up with contrast, or
the iliac vein, so it all depends on the timing.
Dr Kibbe. Absolutely. You are correct.
Dr Bassiouny. You could have basically a normal iliac vein
that is not properly filled with contrast that gives you the percep-
tion that it is compressed.
Dr Kibbe. Again, you are correct. These were CT scans that
were obtained in patients with abdominal pain, with traditional IV
contrast boluses and arterial phase images. The CT scans were not
obtained with venous phase. This does represent a weakness of this
analysis, although I would expect the timing of the bolus to affect
the inferior vena cava and iliac veins to a similar degree. The
patient’s hydration status is also an important variable that we
could not control for, given that this was a retrospective review.
